In this work, it is studied whether or not the physical phenomena produced during a Small Break Loss-of-Coolant Accident (SBLOCA) transient performed in the Large Scale Test Facility (LSTF) can be reliably extrapolated to those obtained using two scaled-up models, simulating a 4 and 3-loop PWR Nuclear Power Plants (NPPs). These scaled-up models have been developed using the thermal hydraulic code TRACE5 patch 2. This scenario is based on the Test 1.2 of OECD/NEA ROSA Project, which simulates a 1% hot leg SBLOCA in the LSTF of the Japan Atomic Energy Agency (JAEA). The 4-loop PWR TRACE5 model has been developed, conserving the power-to-volume scaling ratios of LSTF components, initial and boundary conditions. Horizontal lengths and diameters have been scaled from LSTF model. The 3-loop Westinghouse PWR TRACE5 model corresponds to a standard model adapted to reproduce this scenario. Transient is analyzed by means of the main thermal hydraulic variables: primary and secondary pressures, primary mass flow rates, discharged coolant inventory through the break and hot leg liquid levels. Results show that the main thermal hydraulic phenomena of a hot leg SBLOCA (core boil-off, etc) are reproduced by TRACE5 in the LSTF model and in both scaled models (4 and 3-loop PWR), although exist some discrepancies.
INTRODUCTION
Testing the capability of large thermal-hydraulic codes such as TRACE5 [1, 2] in order to reproduce physical phenomena occurring in accident scenarios and determining the safety margins of PWR are among the objectives of some international research programs. Due to full-scale testing is usually impossible to perform, one needs to test scaled models of protype systems.
Experiments in scaled facilities simulating the behaviour of Nuclear Power Plants (NPPs) play an important role, considering both the system code assessment and the possibility of identifying and characterizing relevant phenomena during abnormal conditions. In general, most of the experiments related to nuclear safety have been performed in reducedscale test facilities, including Full Height Full Pressure (FHFP) facilities such as the Large 233.2 Scale Test Facility (LSTF) [3] of the Japan Atomic Energy Agency (JAEA). Since the test facility is usually of reduced size in comparison to the prototype, proper scaling methodology must be used. The problem of scaling becomes an important issue concerning how to scale the facility to simulate the same important physical phenomena in two systems with different geometry and other operating parameters. Furthermore, as the behavior of a NPP is very complicated, it is impossible that a reduced size facility can simulate all the aspects of the behavior in all components at all time. Thus, proper scaling can only be achieved to simulate the most important aspects of the behavior [4] .
In the early seventies, the behavior of a NPP during a Large Break Loss-Of-Coolant Accident (LBLOCA) was considered as a design bases accident. Just a few years before the Three Mile Island accident, the attention of reactor safety research was shifted to Small Break Loss-Of-Coolant Accident (SBLOCA) behavior due to its consequences could be sufficiently sever to warrant safety concerns.
During a SBLOCA transient, depressurization can be slow enough to delay the Accumulators (ACC) entry for a long time. Actuation of High Pressure Injection (HPI) system is then necessary in order to maintain the core temperature low enough to avoid core boil off, and consequently avoiding the core coolant level to fall below fuel rods level, thus producing a temperature excursion in the fuel cladding. Several literatures on this subject can be found [5, 6, 7] .
In order to know if physical phenomena observed in LSTF during this transient can be reliably extrapolated for an actual 4-loop and 3423 MWt NPP, a TRACE5 model has been developed, conserving the power-to-volume scaling ratios of LSTF components. Due to the fact, that LSTF is a FHFP facility of an actual NPP, initial and boundary conditions of the transient performed in the LSTF have been maintained. Horizontal lengths and diameters have been scaled from LSTF model in order to conserve Froude number. Power-to-volume scaling is frequently used to preserve the time, power and mass inventory for FHFP facilities and for prototype plant, because the fluid exhibits the same properties at the full pressure. On the other hand, due to the fact that actual Spanish NPPs are 3-loop Westinghouse design, a standard 3-loop PWR TRACE5 model has been adapted to meet also the experiment conditions.
The objective of this work is to study whether or not the physical phenomena observed during a SBLOCA transient performed in the LSTF can be reliably extrapolated to those obtained using two scaled-up TRACE5 models, simulating 4 and 3-loop PWR NPPs. This transient is based on the Test 1.2 of OECD/NEA ROSA Project [8] , which simulates a 1% hot leg SBLOCA in the LSTF [3] .
CONSIDERATIONS OF SCALING
For the purpose of the present work, a base TRACE5 input model of the LSTF validated by the authors in previous works [9] has been scaled up to an actual 4-loop NPP. The scaling criteria chosen is to preserve the Froude number for horizontal components of the primary cooling system in order to simulate as well as possible the relevant phenomena to horizontal flow [10] . The Froude number is given by Eq. (1):
where u is velocity, l characteristic length and g gravity acceleration. When the Froude number scaling criterion is applied to the mass flow rate, the Eq. (2) is obtained. Using the 233.3 Eq. (2) and knowing that the relation L/√D and l/√d is constant [3] , the ratio between LSTF and scaled diameter is calculated as in Eq. (3):
where fsc is the volumetric scaling factor, U is the scaled velocity, D is the scaled diameter, and d is the LSTF diameter. The volumetric scaling factor is obtained from the vessel volume relation between the 4-loop PWR and the LSTF. From the volume equation, Eq. (4), and applying the Froude number scaling criterion, Eq. (1), the ratio between LSTF and scaled lengths of the horizontal pipes is obtained as in Eq. (5).
where l and L are LSTF and scaled length, respectively. It should be noted that only horizontal dimensions of the piping system are scaled, while LSTF elevations and heights are preserved due to the LSTF is a FHFP facility.
TRACE5 MODELS
TRACE (TRAC/RELAP Advanced Computational Engine) developed by the United States Nuclear Regulatory Commission (USNRC), is an advanced best-estimate reactor system code for analyzing thermal-hydraulic behaviour in Light Water Reactors. In this work, the version TRACE5 patch 2 [1, 2] has been used to reproduce the LSTF, 4 and 3-loop PWR NPPs.
LSTF TRACE5 Model
LSTF is a FHFP facility designed to simulate the Tsuruga unit II NPP, a 4-loop Westinghouse PWR of 3423 MWt. The facility is scaled 1:1 in height and 1:48 in flow areas and volumes, with exception of the loops. The four primary loops are represented by two equal-volume loops, each one scaling 1:24 in flow areas and volumes. The inner diameter of hot and cold legs in the primary system conserve the volumetric scale (2:48) and the relation l/√d to simulate flow regime transitions in horizontal pipes. The core power used to simulate the decay core power is 10 MW, corresponding to 14 % of the 1/48 volumetrically scaled reference PWR rated power.
LSTF has been modelled with TRACE5 using 97 hydraulic components (11 BREAKs, 12 FILLs, 25 PIPEs, 2 PUMPs, 1 PRIZER, 26 TEEs, 19 VALVEs and 1 VESSEL). The Pressurized Vessel (PV) has been modelled using a 3D-VESSEL component divided into 20 axial levels, 4 radial rings and 10 azimuthal sectors. The axial power ratio presents a peaking factor of 1.495. The radial power profile is divided into three power zones using the first three radial rings. Depending on the radial ring, different peaking factors have been considered (0.66 in ring 1, 1.51 in ring 2 and 1.0 in ring 3). 30 HTSTRs simulate 1008 fuel assemblies located in the active core. A POWER component manages the power supplied by each HTSTR to the 3D-VESSEL. The power has been simulated using a power decay curve. The break VALVE is joined with a BREAK component to simulate the atmospheric coolant leakage. The break size is the same that specified in Test 1.2 [4] . 
4-loop PWR TRACE5 Model
A 4-loop TRACE5 model has been developed to reproduce the actual Tsuruga unit II. This model has been developed using 125 hydraulic components (10 BREAKs, 21 FILLs, 65 PIPEs, 4 PUMPs, 1 PRIZER, 4 SEPARATORs, 19 VALVEs and 1 VESSEL). The maximum core power is limited to 3423 MWt. The power is supplied to the vessel using HTSTRs components, which simulate 55777 fuel rods present in the actual Tsuruga unit II. The power has been simulated using a point kinetics model with constant initial reactivity. The axial and radial power profiles used are the same than in the LSTF model. The break unit has been reproduced using a VALVE component linked to a BREAK component simulating atmospheric coolant leakage.
Power-to-volume scaling ratios of LSTF components, initial and boundary conditions of the transient have been conserved. Horizontal lengths and diameters have been enlarged by the volumetric scaling factor from LSTF model as it has been explained in previous section. LSTF elevations and heights have been maintained. The scaled 4-loop PWR core is 48 times larger than the LSTF core. Hydraulic diameter and flow area of the core bypass are proportionally scaled up by the volumetric scaling factor. U-tube lengths and diameters are the same that in the LSTF facility. One LSTF steam generator contains 141 U-tubes while one Tsuruga steam generator has 3382 U-tubes, thus the number of U-tubes is increased 24 times. The number of heated rods in the core and U-tube heat structures has been increased by the volumetric scaling factor. Trying to equalize the discharged inventory through the break in 4-loop PWR, the break area used in LSTF facility has been scaled using the volumetric scaling factor. The same procedure has been used to scale primary and High Pressure Injection (HPI) mass flow rates. Other important geometry parameters such as, the pressurizer and accumulator volumes, the surge line diameter or the pumps volumes and volumetric flow rates have been obtained from Tsuruga unit II plant data [3] .
3-loop PWR TRACE5 Model
Due to the fact that actual Spanish NPPs are 3-loop Westinghouse design, a standard 3-loop PWR TRACE5 model has been adapted to meet also the Test 1.2 conditions [4] . The 3-loop TRACE5 model uses 103 hydraulic components (9 BREAKs, 16 FILLs, 53 PIPEs, 3 PUMPs, 1 PRIZER, 3 SEPARATORs, 17 VALVEs and 1 VESSEL). The maximum core power is limited to 2686 MWt. In this case, the 41447 fuel rods present in the standard Westinghouse 3-loop PWR model have been simulated by HTSTRs components, which supply the power to the vessel. The power has been simulated using a point kinetics model with constant initial reactivity too. The axial and radial power profiles are the same than in the LSTF TRACE5 model. The break unit has been reproduced similar to the 4-loop PWR TRACE5 model using a VALVE and a BREAK components.
Break area, primary and HPI mass flow rates have been scaled from those of the LSTF using the volumetric scaling factor, vessel volume relation between the 3-loop PWR and the LSTF. Other geometrical parameters have been maintained as in the standard 3-loop PWR TRACE5 model available. Initial and boundary conditions of the transient have been maintained. 
TRANSIENT DESCRIPTION

RESULTS AND DISCUSSION
In Figure 1 , simulated pressures (normalized to steady state values) obtained with LSTF, 4 and 3-loop PWR TRACE5 models are shown. As it can be seen, primary pressure immediately starts to fall after the break opening, almost reaching the secondary-side pressure. Since then, primary pressure remains slightly above the secondary-side pressure. During this time interval, secondary-side keeps removing heat from the primary system while primary-loop natural circulation is still on. Relief Valves (RVs) must be actuated in order to maintain the secondary pressure constant. Once the Steam Generators U-Tubes are emptied, at 1000 s approximately in the LSTF, natural circulation is stopped. Then, secondary-side pressure stabilizes, while primary-side pressure begins to fall below the secondary-side. The main differences are found at the end of the natural circulation, which is advanced in 4 and 3-loop PWR models in comparison to the LSTF. In the 3-loop PWR, natural circulation finishes at 720 s approximately, while in the 4-loop PWR it is produced some seconds before. It could be attributed to different core power decay curves used. While in LSTF model it is simulated with a power decay curve provided by the organisation [3] , in 4 and 3-loop PWR models the core power decay curve has been simulated using a point kinetics model with constant initial reactivity. Another important parameter in a SBLOCA scenario is the mass flow rate discharged through the break. In Figure 2 , the mass flow rates obtained in the 4 and 3-loop PWR TRACE5 models are shown in comparison to the mass flow rate obtained using the LSTF TRACE5 model. LSTF mass flow rate has been affected by each volumetric scaling factor to be compared with those obtained in 4 and 3-loop PWR simulations. As it can be seen, the break mass flow rate is entirely one-phase liquid until 100 s. From this moment on, it is turned into a two-phase mixture. This two-phase fluid regime is maintained until 1000 s, when fluid regime changes to single-phase vapour in the LSTF TRACE5 model. The volumetric scaling performed in both TRACE5 models, 4 and 3-loop PWR, satisfactorily reproduce the one-phase liquid flow rate through the break and the change to two-phase flow at 100 s. Nevertheless, the change from two-phase to single-phase vapour is advanced in comparison to the LSTF TRACE5 results. It is the same behaviour observed in the primary pressure drop. In the 3-loop PWR, the change to single phase is achieved at around 700 s, while in the 4-loop PWR model it is faster. These results are confirmed when the discharged inventories through the break are shown. Figure 3 shows discharged inventories through the break obtained with LSTF, 4 and 3-loop PWR TRACE5 models. LSTF discharged inventory has been affected by each volumetric scaling factor to be compared with those obtained using 4 and 3-loop PWR models. As it can be seen, discharged inventories through the break in 4 and 3-loop PWR TRACE5 models fit very well that obtained with the LSTF TRACE5 model affected with the volumetric scaling factors while fluid is one-phase liquid (until 100 s) and two-phase mixture. However, it is clearly observed that the change from two-phase to one-phase vapour is advanced in both 4 and 3-loop PWR TRACE5 simulations.
Mass flow rate through the break and discharged inventory are related to hot leg collapsed liquid level. Hot leg liquid level obtained using the LSTF TRACE5 model has been compared to the hot leg liquid levels reproduced using 4 and 3-loop PWR TRACE5 models. They have been normalized to each hot leg diameter to be compared. As it can be seen in Figure 4 , where the hot leg liquid levels comparison is shown, in LSTF hot leg becomes empty at 1000 s, while in the other cases, 4 and 3-loop PWR, it is advanced some seconds. This time disagreement is related to the advanced primary pressure drop observed in Figure 1 . 
CONCLUSIONS
Test 1.2 of OECD/NEA ROSA Project, which simulates a 1% hot leg Small Break Loss-Of-Coolant Accident (SBLOCA) in the Large Scale Test Facility (LSTF) of the Japan Atomic Energy Agency (JAEA), has been applied at two TRACE5 models: a 4-loop PWR that reproduces the Tsuruga unit II and a standard 3-loop PWR similar to the Spanish Nuclear Power Plants.
Results demonstrate that both TRACE5 models, 4 and 3-loop PWR, can reproduce the main events produced during the SBLOCA transient described in Test 1.2. Nevertheless, important discrepancies appear during the primary pressure drop, which is faster in 4 and 3-loop PWR in comparison to the LSTF TRACE5 model. Consequently, natural circulation is earlier stopped.
Regarding to the volumetric scaling factors used in 4 and 3-loop PWR models, a good reproduction of the mass flow rate through the break has been obtained until the change from two-phase to one-phase vapour, which is advanced in both cases. Further studies can be necessary to improve the primary pressure evolution, the natural circulation reproduction and the change to one-phase vapour regime. 
